Background Evidence on short-term outcomes for GC resection in elderly patients is limited by small samples from singleinstitutions. This study sought to examine the association between advanced age and short-term outcomes of gastrectomy for gastric cancer (GC). Methods Using ACS-NSQIP data, patients undergoing gastrectomy for GC (2007)(2008)(2009)(2010)(2011)(2012)(2013) were identified. Primary outcome was 30-day major morbidity. Outcomes were compared across age categories (<65, 65-70, 71-75, 76-80, >80 years old). Univariable and multivariable regression was used to estimate the morbidity risk associated with age. Results Of 3637 patients, 60.6% were ≥65 years old. Major morbidity increased with age, from 16.3% (<65 years old) to 21.5% (76-80 years old), and 24.1% (>80 years old) (p < 0.001), driven by higher respiratory and infectious events. Perioperative 30-day mortality increased from 1.2% (<65years old) to 6.5% (>80 years old) (p < 0.0001). After adjustments, age was independently associated with morbidity for 76-80 years of age (RR 1.31, 95% CI, 1.08-1.60) and >80 years old (RR 1.49, 95% CI, 1.23-1.81). Predicted morbidity increased by 18.6% in those 75-80 years old and 27.5% in those >80 years old (compared to <65 years old) for total gastrectomy, and by 11.6% and 17.2% for subtotal gastrectomy, for worst case scenario. Morbidity increased by 5.1% in those 75-80 years old and 7.6% in those >80 years old for total gastrectomy, and by 3.1% and 4.7% for subtotal gastrectomy, for best case scenario. Conclusions Advanced age, defined as more than 75 years, was independently associated with increased morbidity after GC resection. The magnitude of this impact is further modulated by clinical scenarios. Increased risk in elderly GC patient should be recognized and considered in indications for resection.
Introduction
By 2030, 20% of the American population will be over the age of 65 [1] . These demographic changes represent a significant burden in oncology care. The risk of developing cancer increases with age, up to 33% within the age range between 60 and 79 years old [2. By 2030, nearly three quarters of all cancers will be diagnosed in individuals more than 65 years old.
Managing patients of advanced age poses special challenges to surgical oncologists. Older patients are living more active lives and are increasingly offered more invasive procedures [3] . Balancing patients' hope for curative intervention with the risks posed by an increased burden of comorbidities, frailty, and shortened life expectancy renders the assessment of risks and benefits of complex surgical interventions difficult. Surgeons are often expected to provide the same care and procedures regardless of age.
These challenges are particularly relevant in the management of gastric cancer (GC), which affects patients with a median age of 66-69 years in Western countries [4] . Surgery remains the only potential curative intent treatment. Even in highly selected populations, morbidity and mortality following curative intent surgical resection for GC are considerable (up to 46% and 4.7%, respectively) [5] . Furthermore, the exact extent of surgery is still debated (lymphadenectomy, margins, and multi-visceral resections), and 5-year overall survival is limited at 36% with multimodal therapy [6] [7] [8] . Thus, it is both important and difficult to balance the longterm oncological benefits of gastrectomy for cancer with the invasiveness of surgery and perioperative risks when deciding on resection for GC in older patients.
Decision making is further complicated by the lack of robust procedure-specific data regarding surgical risk and outcomes in older patients undergoing gastrectomy for GC. The evidence on this issue is mostly limited to small, conflicting reports from single institutions [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Moreover, the generalizability of data from Eastern series to a Western population is unclear given the different patient populations with GC [9, 11-13, 15, 16, 19] .
This study sought to examine the short-term outcomes of gastrectomy for GC in elderly patients in a Western population and to define factors associated with adverse outcomes with advancing age.
Methods

Study design
A retrospective cohort study of patients undergoing elective gastrectomy for GC was conducted. Approval was sought through the Sunnybrook Health Sciences Centre Research Ethics Board, and the study was deemed to be exempt. The study was conducted and reported according to the recommendations of the RECORD statement [20] .
This study used the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) registry data. This multi-institutional registry collects perioperative data to provide participating institutions with risk-adjusted outcomes for quality improvement initiatives. It includes more than 500 low-and high-volume academic and community centers located most commonly in North America (American College of Surgeons: Z0hWdNLG). For privacy reasons, the institutions cannot be identified in the ACS-NSQIP participant user file. ACS-NSQIP abstractor training, data collection, and audit methods have previously been reported [21] [22] [23] [24] .
Study cohort
Patients undergoing an elective gastric cancer resection between 2007 and 2013 at participating ACS-NSQIP institutions were eligible. GC patients were identified using ICD-9 codes (151.x), and the population was restricted to those receiving a gastrectomy using procedural codes (Supplemental Digital Content Table 1 ). Individuals were excluded for age less than 18 years, emergency surgery, metastatic disease, and missing data on key variables necessary for the analysis (gender, ASA class, body mass index, functional health status, preoperative serum creatinine, preoperative hematocrit, and operative time). There were no missing data on age. Missing data were encountered in <0.05% for gender, 0.1% for operative time, 0.2% for ASA class and functional health status, 0.8% for preoperative hematocrit, 1.2% for body mass index, and 3% for preoperative serum creatinine. The extent of missing data did not vary significantly by age category.
Exposure
Patient age was the main variable of interest. Definitions regarding older age in surgical patients are not clear [25] . Therefore, we divided a conservative elderly group of patients older than 65 years into sub-categories to better appreciate the impact of the entire spectrum of older age and the incremental risk of different age cutoffs.
Outcomes
The primary outcome of interest was 30-day major morbidity. The major morbidity composite outcome was defined as the occurrence of one or more of the following: deep or organ-space surgical site infection (SSI), wound dehiscence, pneumonia, pulmonary embolism, unplanned intubation, prolonged ventilation (>48 h), unplanned reintubation, renal failure, sepsis, septic shock, myocardial infarction, cardiac arrest, or cerebral vascular accident (CVA) [26] [27] [28] . Secondary outcomes included system-specific 30-day morbidity grouped into infectious events, cardiac events, respiratory failure, venous thromboembolic events, unplanned reoperation, postoperative mortality within 30 days of operation, and hospital length of stay (LOS).
Covariates
Demographics, clinical characteristics, diagnostic, and treatment-related details were extracted from the ACS-NSQIP registry. The World Health Organization definition of anemia was used, i.e., hematocrit less than 40%. Surgical procedures were divided into total gastrectomy, sub-total gastrectomy, and multi-visceral resection (Supplemental Digital Content Table 1) .
Relevant patient and operative characteristics were identified a priori as potential confounders of the relationship between age and the perioperative outcomes of interest. Covariates were selected based on temporality (known preoperatively), clinical relevance (considered when assessing a patient for risk of adverse perioperative events), and existing literature (established relationship with worse surgical outcomes). A parsimonious set of covariates was selected to maintain adequate study power. The following covariates were ultimately included: gender, body mass index (BMI), preoperative respiratory and cardiovascular comorbidities, diabetes, preoperative weight loss (>10%), and surgical procedure.
Analysis
The characteristics of elderly patients were described and compared by age groups. Unknown categories were created for missing data. Categorical data were reported as absolute number (n) and proportion (%), and continuous data as mean or median with interquartile range (IQR). Chi-squared tests for independence were used to compare categorical variables. Normally distributed continuous data were compared using t tests and skewed continuous data using Wilcoxon rank-sum tests.
Modified Poisson regression analysis was used to examine the association between age category and morbidity for common outcomes (>10%), and logistic regression for uncommon outcomes (≤10%). Results are reported as relative risks (RR) with 95% confidence intervals (95% CI). Multivariable analyses were adjusted for previously described covariates defined a priori.
In the second part of our analysis, we utilized a modified Poisson regression model to predict the probability of major morbidity for different patient and operative profiles. Variables included in this model were age (categories), BMI, functional status, history of cardiac disease, history of diabetes, history of respiratory disease, and type of operation. The probability of major complications was presented for each age category for a best case scenario (female gender, low BMI, independent functional status, no comorbidities) and worst case scenario (male gender, high BMI, depending functional status, comorbidities). Model fit was evaluated using the quasi-likelihood criterion statistic: values closer to 1 indicate better fit.
All statistical analyses were conducted using SAS 9.3 for Windows (SAS Institute, Cary, NC, USA). p values <0.05 were considered statistically significant. A.L.M. and J.H. had full access to the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis.
Results
Cohort characteristics
A total of 4215 patients who underwent gastrectomy for GC between 2007 and 2013 were identified in the ACS-NSQIP registry, of whom 578 were excluded (Fig. 1) . The final study cohort thus included 3637 patients. Of included patients, 2203 (60.6%) were over the age of 65 and 551 (15.0%) over the age of 80. Baseline characteristics of the cohort, stratified by age category, are shown in Table 1 . ASA class IV-V and partially/totally dependent functional health status were more common among those more than 80 years old, and cardiac comorbidities more frequent among patients more than 75 years old. Although total gastrectomy was less frequent after age 75, no difference was observed in the frequency of multi-visceral resection.
Outcomes
Postoperative outcomes are presented stratified by age category in Fig. 2 . For the entire cohort, 30-day major 6% of cases and increased with advancing age (p < 0.001). This incremental morbidity was driven by increasing frequency of infectious, respiratory and cardiac complications with advancing age. The overall 30-day post-operative mortality in the cohort was 3.1%. As with complications, mortality also increased with advancing age (p < 0.001).
Median LOS was 9 (IQR: 7-13) days for the entire cohort and varied according to age category, with respectively 8 (IQR:6-12) days, 9 (IQR:7-13) days, 9 (IQR:7-13) days, 9 (IQR: 7-14) days, and 10 (IQR: 7-15) days respectively for patients < 65, 65-70, 71-75, 76-80 and > 80 years old (p < 0.001). After adjusting for relevant clinical variables defined a priori, age was independently associated with increased major morbidity among patients 76-80 years old (RR 1.31, 95% CI 1.08-1.60) and > 80 years old (RR 1.49, 95% CI 1.23-1.81) (Fig. 3) .
Pre-operative morbidity risk estimation
A multivariable predictive model for major morbidity including relevant clinical variables known pre-operatively was created (Supplemental Digital Content Tables 2, 3, 4). The variables included were age, gender, BMI, functional health status, extent of surgery, diabetes, and cardiovascular and respiratory comorbidities. The incremental risk of morbidity was assessed for the age categories identified as independently associated with worse higher morbidity in the prior multivariable analysis (75-80 years old, and > 80 years old).
Sets of adverse and optimal pre-operative characteristics was defined based on the results of the prior multivariable analysis. Assuming adverse pre-operative characteristics (male gender, high BMI, depending functional health status, any comorbidity of cardiovascular, respiratory, and diabetes), predicted major morbidity for total gastrectomy presented an absolute increase of 18.6% in 75-80 years old and 27.5% in > 80 years old groups, compared to < 65 years old, and by 11.6 and 17.1% for subtotal gastrectomy. With optimal pre-operative characteristics (female gender, low BMI, independent functional health status, no comorbidities), major morbidity for total gastrectomy increased by 5.1% in 75-80 years old and 7.6% in > 80 years old groups, compared to < 65 years old, and by 3.1 and 4.7% for subtotal gastrectomy (Fig. 4) .
Discussion
This study identified that elderly patients over age 75 are at progressively higher risk for major morbidity and mortality after gastrectomy for GC, independently of preoperative comorbidities and functional health status. The higher overall postoperative morbidity is driven by increased risk of postoperative infections, respiratory failure, and cardiac events. Although the risk was increased in all elderly patients, the magnitude of the increase varied depending on other clinical characteristics, including preoperative comorbidities and the extent of resection.
This study represents the largest multi-institutional assessment of the impact of age on outcomes following gastrectomy for GC. Most of the evidence on this topic comes [9-13, 15, 16, 19, 29] . Although some of these studies have reported increased postoperative morbidity in the elderly population [9, 11, 17] , the majority observed no significant differences [10, 12, 13, 15, 16] . Most patients in these studies were treated laparoscopically for earlier-stage GC, which is not representative of the Western GC population that is mostly treated for locally advanced disease with laparotomy [4] . Western studies also did not observe any difference in outcomes for older patients, but suffer from the same methodological shortcomings regarding single-center cohorts and small sample sizes. [14, 30] . One multi-institutional analysis recently outlined higher morbidity and mortality in 127 patients in the US more than 80 years old [18] . All those reports remain limited by reporting bias from retrospective data collection.
Larger studies using prospectively collected, standardized, and audited data (including the ACS-NSQIP) indicated a higher proportion of postoperative morbidity and mortality among the elderly in a mix of abdominal cancer surgeries [25, 31] . Gastrectomy for GC presents unique risks because of the high technical demand of the procedure and the preoperative impact of the cancer on the patient's performance resulting from nutritional impairment and anemia. The current analysis represents a relevant addition to the literature by providing a detailed procedure-specific assessment of incremental morbidity and mortality risk in a large Western population using multi-institutional prospectively collected and standardized contemporary data.
The traditional definition of elderly relies on an arbitrary age cutoff determined by the retirement age in developed nations: 60 years old according to the United Nations and 65 years old according to the World Health Organization [32, 33] . In studies addressing GC, the age cutoff to define elderly patients is highly variable, from 70 to 80 years old [9, 10, 12, 14-16, 19, 34-36] . One assessment of aging in the surgical setting determined that 68.5 years was the optimal cutoff in terms of sensitivity and specificity to predict morbidity. It further revealed that "extreme old age" started at 75 years old [25] . In the current study, older age was broken down in categories over the age of 65 years to avoid biases from choosing a single cutoff; this provides an appreciation of incremental risk over the continuum of older age rather than a dichotomous change in risk based on an arbitrary cutoff. Fig. 3 Relative risk of major morbidity based on age category adjusted for gender, body mass index (BMI), preoperative respiratory and cardiovascular comorbidities, diabetes, weight loss, and surgical procedure
The elderly population is unique in the provision of surgical cancer care. Worse outcomes can be related to a higher comorbidity burden that adds to the physiological stress of major surgery, heavier impact of cancer on preoperative systemic and functional status (e.g., nutrition, fatigue), and frailty present even in individuals without comorbidities or considered "highly functioning." The identification of higher risk for postoperative morbidity is highly relevant in optimizing not only short-term but also long-term outcomes. Once morbidity occurs in the elderly, it has a more aggravated course and failure to rescue is more likely [3, 25, 37] . Postoperative complications often preclude the use of adjuvant therapy necessary for optimal oncological outcomes for GC [38, 39] .
In this study, older age was independently associated with increased risk of morbidity and mortality after GC resection. Chronological age should be considered as an individual risk factor, with more pronounced incremental risk after the ages of 75 and 80 years. The magnitude of increased morbidity risk is further modulated by comorbidities and the extent of resection. This finding was highlighted in the scenarios based on the predictive model. This model was not developed for use in daily clinical practice to predict individual risk. Rather, it was meant to illustrate incremental risk through common scenarios to help surgeons contextualize the results to clinical practice. These numbers demonstrate that particular attention should be paid to patients beyond the ages of 75 and 80 years, as comorbidities when added to baseline chronological age increased risk. Our model adds to the available evidence and existing clinical risk scores, including those developed by the ACS-NSQIP. Indeed, ACS-NSQIP risk calculators have been developed in mixed populations operated on for a variety of surgical procedures. Unfortunately, these risk calculators lack procedure-and disease-specific value, and their clinical use appears to be limited in some settings [40, 41] .
Invasive surgery is increasingly offered to elderly patients so as to not deny them what is considered the standard of care [3, 42] . This approach is confirmed by the comparable frequency of multi-visceral resection across all age groups in the current analysis. Estimating the risk-benefit balance in elderly patients is challenging. Surgeons or patients may be hesitant to undergo surgery with a potential for undertreatment. On the other hand, if the risks are underestimated, there is potential for overtreatment. Although the current results do not suggest denying curative intent surgery to elderly patients, these do caution surgeons to consider the incremental risk in the setting of shorter life expectancy for older patients and limited overall survival for GC treated with curative intent [2, 4] . Moreover, surgery can also negatively impact postoperative lifestyle and lifespan. Disseminating the current data will contribute to raising awareness to improve risk assessment and patient counseling before surgery. Tailored interventions driven by procedure-specific data as provided herein are known to be critical in ensuring successful and lasting impact [43] . The inclusion in the ACS-NSQIP registry of gastrectomy for GC performed in frail patients, including ASA IV and V, further supports the need for the current work to support refined surgical selection. Surgeons' awareness of increased surgical risk is the first step in identifying high-risk elderly patients.
It is acknowledged that this study is limited by biases inherent to retrospective designs. Despite detailed multivariable analyses, unknown confounders and variables cannot be taken completely into account. The analysis is limited by the information available in the ACS-NSQIP. The ACS-NSQIP lacks cancer-specific variables including staging and tumor location (gastroesophageal junction vs. pure gastric). Operations for advanced-stage cancer can be more challenging and impact the risk for morbidity. Operative time and extent of resection were used as surrogate markers for technical complexity. Finally, morbidity stratified by the Clavien-Dindo classification or 90-day outcomes could not be reported. Nevertheless, the ACS-NSQIP provides multi-institutional clinical data captured by rigorously trained data abstractors and subjected to frequent audits to ensure accuracy, thereby providing detailed reliable outcomes information while limiting information bias [21] [22] [23] [24] . With such large datasets, missing data can present an issue [44] . Previous studies have concluded that here is no significant change between various strategies to handle missing data in the ACS-NSQIP, such that no particular method could be recommended [44] . In this analysis, the amount of missing data on key covariates was limited and missing data were not associated with the exposure (age). Thus, patients with missing data were excluded.
Conclusions
Advanced age beyond 75 years old was independently associated with increased morbidity after GC resection. The independent incremental risk associated with age is further modulated by the clinical scenario including functional status, comorbidities, and extent of surgery. Increased surgical risk for elderly GC patients should be acknowledged and considered when making individual decision regarding resection. Future work balancing survival gain against the morbidity cost to achieve it is warranted for further clinical guidance.
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